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1 Introduction
In RAN1#68bis, a way forward on system information [1] was proposed. It proposed that higher layer signaling may be used to improve detection of PBCH and/or SIB1 in the presence of dominant interferers with 9dB bias. There are two kinds of higher layer signaling depending on the application scenarios.
· The victim cell may send its system information to UE using higher layer signaling in the protected subframes.

· FFS whether higher layer signalling is unicast or broadcast
· FFS which detailed system information should be provided
· System information from the victim cell may also be supplied by aggressor cell during handover from aggressor cell to victim cell.

· FFS which detailed system information should be provided
In this contribution, we discuss the methods to obtain PBCH and SIB1 under severe interference conditions, including possible signaling solutions. 
2 Discussion
The operation scenarios of system information reading under severe interference conditions are depicted in Figure 1. 
[image: image1.png]———— Desired signal

Hsm o ) Macro-eNB
e-eNS  yE4 —— Interference




Figure 1. Operation scenarios of system information reading
1. UE is in RRC-connected mode with macro-eNB, and needs to be handed over to pico-eNB since it is moving toward pico-eNB and/or for offloading purposes as a typical example of range extension. For that particular UE, the pico-cell is weaker than the macro-cell. See UE1 in Figure 1; it moves from macro-eNB coverage area to the pico-eNB CRE region.

2. UE was powered off, and needs to attach to the weaker pico-eNB when it is turned on and make a call. See UE2 in Figure 1 it is powered up at the CRE area.

3. UE is in RRC-connected mode with pico-eNB, and it is moving from the pico cell center to the CRE region. See UE3 in Figure 1, it moves from pico-eNB cell center to the CRE region.

4. UE is geographically close to a closed subscriber group (CSG) home-eNB, but it fails to camp on because the UE does not belong to the group. So the UE still needs to connect to the weaker macro eNB under the stronger interference of CSG. See UE4 in Figure 1. When the UE is turned on at the current location, this scenario is the same as scenario #2; when the UE moves from the macro-eNB coverage area to the current location, this scenario is the same as scenario #3. 

As scenario #4 is the same as either scenario #2 or #3 depending on the UE behaviour, only the first three scenarios need to be considered.
2.1 Obtaining of MIB
Master information block (MIB) includes parameters essential for UE operation, i.e. DL system bandwidth, SFN, PHICH configuration, and the number of CRS ports. MIB is broadcasted with a periodicity of 40ms in fixed time-frequency resources of subframe #0 via PBCH. Most parameters in MIB rarely change, e.g. DL system bandwidth, SFN, and number of CRS ports; only PHICH configuration could change depending on number of UEs served with UL traffic. 
Although PBCH-IC is effective in Pico MIB reading, however IC is a UE capability and not all UEs can obtain MIB with this method. Thus, higher layer signaling is necessary to assist Pico CRE UE obtaining MIB. 
Proposal 1: Higher layer signaling is used to assist Pico CRE UE obtaining MIB.
The signaling methods for different scenarios identified in Figure 1 are different. 
· For scenario #1, Pico MIB could be supplied by Macro eNB using dedicated signaling during handover. The static information in MIB, e.g. DL system bandwidth, can be stored in Macro eNB when Pico eNB is deployed. The dynamic MIB information, e.g. PHICH configuration, could be exchanged via X2 interface from Pico eNB to Macro eNB. 

· For scenario #2, the MIB information can be sent to the UE via higher layer signaling in protected subframes. 
· For scenario #3, Pico MIB has been known to the Pico UE before entering the CRE region. Thus, only the dynamic MIB information need to be signaled, which can be sent via higher layer signaling in protected subframes. 
Proposal 2: MIB signaling methods vary with operation scenarios

· For scenario #1, Pico MIB is supplied by Macro eNB during handover; 

· For scenario #2, the MIB information is sent to victim UE via higher layer signaling in protected subframes; 
· For scenario #3, only dynamic MIB information is signaled.
In scenarios #2 and #3, the higher layer signaling could be either dedicated or broadcasted. Dedicated signaling has less specification impact, but it could require large signaling load when the number of UEs in need of such signaling is considerable. Broadcasted signaling requires less signaling load, but specification change is necessary. Since the notification of MIB change is carried in Paging channel, Pico CRE UE shall be able to receive Paging channel correctly if broadcast signaling is used for MIB information. Successful Paging channel reception can be achieved by allocating Paging channel in protected subframes. 

Regarding whether dedicated or broadcast signaling is to be adopted, we prefer using dedicated signaling since the signaling of MIB information is only needed for CRE UEs, and moreover there is no need to worry about the reception of Paging channel with this signaling method. 
Proposal 3: Dedicated signaling is used for the MIB information signaling. 
2.2 Obtaining of SIB1
It is impractical to use IC for SIB1 detection as the reconstruction of the interfering signal is difficult. Network assistance is necessary for Pico CRE UE to obtain SIB1. If the Macro and Pico have one radio frame shifting, which is possible for both FDD and TDD, SIB1 of the two cells never collide. The Pico cell SIB1 can be carried in protected subframes. Similarly to MIB, the change notification of SIB1 is carried in Paging channel. Thus it is needed to allocate Paging channel in protected subframes.  
Proposal 4: To enable SIB1 reading of Pico CRE UEs, the following actions are performed

· Macro and Pico have one radio frame shifting;

· Pico cell SIB1 is carried in protected subframes;

· Paging channel is allocated in protected subframes.

3 Conclusion

In this contribution, we discussed the methods about MIB and SIB1 reading under severe interference conditions. We had the following proposals:
Proposal 1: Higher layer signaling is used to assist Pico CRE UE obtaining MIB.
Proposal 2: MIB signaling methods vary with operation scenarios

· For scenario #1, Pico MIB is supplied by Macro eNB during handover; 

· For scenario #2, the MIB information is sent to victim UE via higher layer signaling in protected subframes; 
· For scenario #3, only dynamic MIB information is signaled.
Proposal 3: Dedicated signaling is used for the MIB information signaling. 
Proposal 4: To enable SIB1 reading of Pico CRE UEs, the following actions are performed

· Macro and Pico have one radio frame shifting;

· Pico cell SIB1 is carried in protected subframes;

· Paging channel is allocated in protected subframes.
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